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A B S T R A C T
An 18-year-old female lion (Panthera leo) was referred to the Department of Animal Pathology of the University of Turin (Italy). At necropsy, multiple nodular, 4-20-mm, confluent white firm nodules were scattered throughout the pleural surfaces of the thoracic wall and of the lungs. Histological lesions were represented by proliferations of papillary structures lined by cuboidal basophilic mesothelial cells with large, oval nuclei and abundant granular eosinophilic cytoplasm. Immunohistochemistry revealed immu-noreactivity for pancytokeratin and vimentin. None of the cells expressed calretinin antigen. Asbestos fibers and asbestos bodies were not detected respectively by light microscopy and by Scanning Electron Microscope-Energy Dispersive Spectrometer investigations. On the contrary, chrysotile asbestos were identified in samples from shelter material. Histological and immunohistochemical findings were consistent with the diagnosis of an epithelial malignant mesothelioma. To our best knowledge, this is the first report of a pleural mesothelioma in a lion.
Mesotheliomas are malignant tumours that arise from the mesothelial cells of the pleura, peritoneum and pericardium, and occasionally from the tunica vaginalis testis. These tumours are rare in all species but have been recorded most frequently in man, espe cially in association with exposure to asbestos (McCaughey et al., 1983) .
Mesotheliomas in zoo and wild animals appear an infrequent finding at necropsy (Stewart, 1966; Nashiruddallah and Chakr-aborty, 2003) pleural mesotheliomas being described only in tigers (Panthera tigris) (Rao and Acharjyo, 1994; Shin et al., 1998) and in a clouded leopards (Neofelis nebulosa nebulosa) (Cunningham and Dhillon, 1998) . Recently a case of pericardial mesothelioma in a 17-year-old Bengal tiger has been reported (Wiedner et al., 2008) .
An 18-year-old female lion (Panthera leo) was referred for the necropsy to the Department of Animal Pathology of the University of Turin (Italy) because of sudden death.
The animal lived all her life in a zoological garden in northern Italy, and was housed during the night in a shelter covered by boards made of asbestos fibers and cement (Eternit®). During the day the animal had free access to a large open-air enclosure.
At necropsy, multiple, 4-20-mm, confluent white firm nodules were scattered throughout the pleural surfaces of the thoracic wall and of the lungs (Fig. 1) . Other findings were represented by enlargement of mesenteric lymph nodes and a solitary, well demarcated hepatic mass of 7-8 cm in diameter with multiple cysts.
Tissue samples from lung, pleura, mesenteric lymph nodes and liver were fixed in 10% neutral buffered formalin (pH 7) and paraffin-embedded for histological examination. Sections (4 lm) were cut using a microtome stained with haematoxylin and eosin, and examined by light microscopy.
Histologically, pleural nodules consisted of proliferations of infiltrative papillary structures with a fibrovascular stroma, lined by one layer of cuboidal basophilic cells with large, oval nuclei, and abundant granular eosinophilic cytoplasm. No significant mitotic activity and vascular invasion were observed (Fig. 2) . Histological findings of the mesenteric lymph nodes were consistent with a reactive process, whereas the hepatic lesion consisted of a capsulated, multilocular cystic mass lined with well differentiated biliary epithelium resulting in a biliary cystadenoma. Additional lung sections were collected on poly-L-lysine-coated slides and processed for immunohistochemistry using the standard avidin-biotin-peroxidase complex method and specific antibodies against pancytokeratin MNF116, vimentin and calretinin (Dako, Glostrup, Denmark). Vimentin positivity in epithelial mesothelioma may be useful in distinguishing it from pulmonary adenocarcinoma, which is usually vimentin-negative. Similarly, the positivity of sarcomatous mesotheliomas for broad-spectrum pancytokeratin is useful in distinguishing this subtype from sarcomas, which are usually cytokeratine-negative (Attanoos et al., 2000; Bacci et al., 2006) .
The expression of both pancytokeratin and vimentin markers is a constant feature in mesotheliomas, attributable to the origin of mesothelial cells from the mesoderm, which can differentiate into both epithelial and mesenchymal cells (Mutsaers, 2004; Bacci et al., 2006) . Calretinin, a calcium-binding protein expressed in feline neural tissues, is regarded as a reliable marker for mesothelioma in human oncology.
As positive controls, bronchial epithelium and mesenchyma from normal lung of a lion, respectively, for pancytokeratin and vimentin, were used.
Immunohistochemical investigation of the pleural nodules revealed strong and diffuse cytoplasmic immunoreactivity for pancytokeratin, and a weak and multifocal reactivity for vimentin. A more intense expression of pancytokeratin was clearly evident. None of the cells expressed calretinin antigen. Histological and immunohistochemical findings were consistent with the diagnosis of a papillary epithelioid malignant mesothelioma. Coexpression of vimentin and pancytokeratin, with a higher expression of the latter, confirmed the diagnosis. The negative expression of calretinin conflict with the diagnosis of mesothelioma; however, calretinin has proved negative in feline mesotheliomas (Bacci et al., 2006 ) and its reactivity not yet investigated in lions.
The research of inorganic fibers (particles with length-to-width ratio >3) in tumour and lung tissue was carried out according to Belluso et al. (2006) . After chemical digestion of the organic matrix and the subsequent filtration of the inorganic suspension through a cellulose filter, every sample was investigated by Scanning Electron Microscope with annexed Energy Dispersive Spectrometer (SEM-EDS).
To investigate on possible presence of asbestos in shelter material, several samples were collected; fibers observed by light microscopy were drawn, suitably prepared and examined by X-ray diffraction (XRD) with the powder method, using a Siemens D5000 diffractometer equipped with Cu-Ka radiation.
Asbestos fibers and asbestos bodies were not detected respectively by light microscopy and SEM-EDS investigations in tumour and lung tissues. To our best knowledge, no asbestos fibers have been found in other cases of (large) feline mesotheliomas. Possible reasons for the absence of asbestos fibers in an asbestos-related mesothelioma are related to a ready clearing of short fibers and asbestos dust (Dodson et al., 2003) . On the contrary, chrysotile asbestos were identified by XRD in samples from shelter material.
Malignant mesothelioma is a rare type of tumour of the serosal surfaces (pleura, pericardium, peritoneum, and tunica vaginalis of the testicles) whose only recognized cause is exposure to asbestos, although in most cases the etiology of the tumour is unidentified. Experimental evidence suggests that asbestos fibers pose a risk for mesothelioma (Gibbs and Berry, 2008) , and that heavy and prolonged exposure to chrysotile can produce lung cancer (Bernstein and Hoskins, 2006) . Studies performed in rats also supported that chrysotile fibers were contributory to the induction of malignant mesothelioma (Dodson et al., 2003) .
Since she was born, the lion was housed during the night in a cage covered by boards made of cement and asbestos fibers, therefore a link may be easily hypothesized between the inhalation of asbestos fibers and the lesion as already described in humans (Ismail-Khan et al., 2006; Tsao et al., 2009) .
Environmental exposure to asbestos may therefore pose a risk for both animals housed in contaminated settings and for zoo keepers, underscoring the importance of work practices that decrease exposure to these contaminants, and suggesting the adoption of decontamination measures. 
